Chronic itch (CI) in haemodialysis, often termed uraemic pruritus, is a frequently experienced, tormenting and challenging symptom and a burden in afflicted patients (1) .
There has been an ongoing discussion about whether CI in chronic kidney disease is brought about by the common disturbance of calcium/phosphate homeostasis. This notion is supported by a number of observations. In the late 1960s, itch was reported to be resolved by parathyreoidectomy in patients with both severe hyperparathyroidism and CI (2) . Later Blachley et al. (3) reported an increased calcium/phosphate load in the skin of patients with CI in haemodialysis and Momose et al. (4) were able to demonstrate a disrupted calcium gradient in the skin of patients with CI.
An observational study found that patients with CI had higher serum-calcium levels (5). It has been proposed recently that a vicious circle of metabolic derangements (malnourishment, inflammation, arteriosclerosis) may explain the exaggerated morbidity and mortality in a subset of haemodialysis patients. Inflammation might be the most deleterious factor in this scenario, contributing, among other factors, to the occurrence of CI in haemodialysis (6, 7) . It has also been shown that Fetuin-A, an important calcium-binding circulating protein, is downregulated by progressive inflammation in haemodialysis patients, thus promoting tissue-calcification (8) . Similarly, matrix Gla protein (MGP) has been shown experimentally to inhibit vascular calcifications (9) , whereas high levels of fibroblast growth-factor 23 (FGF23), a potent player in calcium/phosphate-regulation, seem to be associated with increased inflammation and morbidity and mortality in patients with chronic kidney disease (CDK) (10) .
In a previous study we measured Fetuin-A levels in a small number of patients on haemodialysis and did not find any significant differences between patients with and without CI (11) . In the present study a larger number of patients was investigated for CI and a potential decrease in serum levels of calcium-binding proteins, such as Fetuin-A and MGP, or other factors known to influence calcium-phosphate regulation (e.g. FGF23) potentially leading to an increased tissue deposition of calcium salts.
PATIENTS AND METHODS
In a hospital-based single centre patients were screened for chronic itch (duration > 6 weeks). Eighteen patients reported CI, while another 18 randomly selected patients on haemodialysis did not report having had CI during at least 6 months prior to the investigation. None of the patients had been treated with ultraviolet (UV) phototherapy in the 6 months prior to this study. After having obtained informed consent, patients with CI were asked to score the intensity of current itch using a visual analogue scale (VAS) ranging from 0 (no itch) to 10 (worst imaginable itch). In both groups 10 ml blood was taken immediately after puncture of the arterio-venous fistula for haemodialysis.
The following laboratory measurements were performed: Fetuin-A, 25-hydroxyvitamin D3 (25[OH]D3) total protein, albumin, calcium (corrected for serum albumin), phosphate, and high-sensitivity C-reactive protein (hsCRP). Fetuin-A (ELISA; Epitope Diagnostics, San Diego, CA, USA), MGP (ELISA BI 2062 Biomedica, Vienna, Austria) and FGF 23(C-terminal, ELISA, Biomedica Austria) were determined by means of an enzymelinked immunosorbent assay (ELISA). An electrochemiluminescence immunoassay (ECLIA) was used for measurement of 25(OH)D3. Total protein, calcium and phosphate were measured by means of the automated clinical chemistry analyser (MODU-LAR ANALYTICS ® P-Module (Roche Diagnostics, Penzberg, Germany). Albumin and hsCRP were determined by immunonephelometric measurement (BNII System Siemens Healthcare Diagnostics, Eschborn, Germany).
Statistical analyses were carried out using R 3.1.3 ® . Descriptive statistics were used to report medians and 1 st and 3 rd quartiles for demographic data and the variables under study stratified by itch status. The distribution of sex and the use of cinacalcet and 1-hydroxyvitamin D (1[OH]D) were provided as absolute and relative frequencies. Continuous variables were tested for differences between the patients reporting CI and non-CI patients, using the non-parametric Mann-Whitney U test or, for nominal variables, the χ 2 -test. p-values below 0.05 were considered statistically significant. Due to the explorative nature of the analysis no adjustment for multiple testing was applied.
RESULTS
The median itch intensity of patients with CI was 6.5 (Table SI   1 ). Serum levels of hsCRP of Fetuin A and MGP were significantly higher in patients with CI, but no significant differences were found between the 2 groups in serum-calcium, serum-phosphate, 25[OHD3 and FGF23. (Fig. S1 1 , 
DISCUSSION
In the present study patients with CI exhibited higher serum CRP levels compared with those without CI. This is in accordance with 2 previous experimental studies (6, 7) , but in contrast to other observational studies (12) . In addition, it could be demonstrated that the intensity of itch is associated with the level of CRP. In contrast to our initial hypothesis serum levels of the calcium-binding proteins Fetuin-A and MGP were slightly increased in patients with CI; however, without showing an association with the intensity of CI. Thus, the assumption that a potential inflammation-associated decrease in calcium-binding proteins may lead to a more pronounced calcium-deposition in the skin, which in turn provokes itch, could not be corroborated.
FGF23, another import player in the regulation of calcium, phosphate and mineral bone homeostasis (13) , was determined in our study. However, levels of FGF23 were not noticeably different in patients with CI compared with those without CI and did not show any association with CI in our patients. Thus, it is unlikely that this protein is involved in the pathogenesis of CI.
Serum-calcium, serum-phosphate and 25(OH)D3 values were not significantly different between the 2 groups in our study, which is, at least in part, in accordance with previous findings (12) . As UVB therapy is still a mainstay in the treatment of CI, and theoretically leads to augmented vitamin D supply, we were interested to ascertain whether patients with CI (but without previous UVB treatment) have lower levels of vitamin D. As there were no differences in 25(OH)D3 values between the groups, it is unlikely that vitamin D deficiency is more pronounced in patients with CI and therefore related to their symptoms. This is in accordance with results from Shirazian et al. (14) , who showed that administration of high doses of ergocalciferol (50,000 IU per week for a period of 12 weeks) did not result in improvement of CI in 50 patients with CKD.
Taking the limitations of the present analysis into account (small number of patients, no matched pairs, MGP was not differentiated in carboxylated [active] form and uncarboxylated [inactive] form), there is no evidence that CI in haemodialysis patients is related to an inflammation-driven lowering of calcium-binding proteins. The only factor found to be associated with the intensity of CI is CRP, a marker for inflammation and time on dialysis, which is, at least in part, in accordance with our and others' previous findings (6, 7, 11) . Further studies are needed to determine whether inflammation plays a causative role in CI in haemodialysis patients, and which processes might be involved.
